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1.0 INTRODUCTION 

The sun protection factor (SPF) of a sunscreen product is determined using a xenon arc 
solar simulator which has an emission spectrum resembling the solar spectrum from 290 
to about 360 nm when the sun is almost directly overhead. At these high sun angles, 
which occur at latitudes near the equator and in mid-summer at higher latitudes, the 
effects of lJvB (290-320 nm) predominate, and potential for sunburn and other types of 
sun damage is greatest. At lower sun angles, the potential for sun damage is lower, but 
energy from UVA wavelengths (320-400) is responsible for a higher proportion of 
potential damage. At lower sun angles the actual SPF of a sunscreen in sunlight is lower 
than the labeled value unless the product provides a substantial level of UVA protection. 
Nevertheless, SPF provides a useful benchmark of sunscreen protection under the most 
potentially damaging conditions of sun exposure. 

Increasing awareness of the need for protection against the UVA portion of the solar 
spectrum, as well as the UVB portion, has accelerated development of broad spectrum 
sunscreen products, which protect against both. Since products providing little UVA 
protection may have labeled SPF values similar to those of broad spectrum products, 
there is a need for a reliable and informative index of UVA protection. 

Assessment of UVA protection in vivo is a formidable problem, because sunlight is 
always a mixture of UVA and UVE3, and the immediate and long-term effects of UVA 
are normally masked by the effects of energy in the more potent UIB wavelengths. 
Separation of UVA effects from those of full-spectrum UV is difficult, and eliciting 
measurable responses to UVA alone requires high energy doses and relatively long 
exposure times. 

Proposed human in vivo methods for assessing UVA protection are based on the 
immediate pigment darkening, persistent pigment darkening, delayed erythema and 
delayed tanning responses. While each method has its own advantages, none is 
completely adequate for assigning a clinically relevant index of sunscreen protection in 
the UVA region. In addition, there is a concern that some broad spectrum sunscreen 
products may not be photostable, but only in vitro methods have been developed for 
assessing sunscreen photostability. For these reasons, validated in vitro methods appear 
to offer the best alternative for examining the behavior of sunscreens during UV 
irradiation and for assessing UVA protection. Following is a discussion of the available 
in vivo methods for evaluating UVA protection and the use of in vitro methods for 
evaluating UVA protection and sunscreen photostability. 
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1.1 immediate Pigment Darkening 

The immediate pigment darkening (IPD) response is a transient brownish-gray coloration 
of the skin of individuals with pigmented skin aRer irradiation with UVA radiation. The 
response is evaluated within 60 seconds after WA exposure. The IPD protection factor 
is the ratio of the WA dose required to produce the response, with and without a 
sunscreen on the skin. [l] 

The TPD test produces rapid results with low doses of WA. However the response is 
highly variable and difficult to reproduce accurately. Its clinical significance is unknown 
because the action spectrum for IPD differs widely from action spectra for erythema and 
tanning [2,3,4], non-melanoma skin cancer [5] and photoaging [6].Further, the test is 
performed using human subjects with skin types III and TV, who are not the individuals 
who have the greatest need for sun protection. [7]. The low UVA doses involved may 
conceal the effects of sunlight on the stability of the product. 

1.2 Persistent Pigment Darkening 

The persistent pigment darkening (PPD) response is a longer lasting response of 
individuals with pigmented skin after irradiation with WA radiation. The response is 
evaluated 2 to 24 hours after WA exposure. The PPD protection factor [8] is the ratio of 
the WA dose required to produce the response, with and without a sunscreen on the 
skin. 

The PPD test produces rapid results with moderately low doses of WA. The response is 
stable and reproducible, however its clinical significance is also unknown, as in the case 
of TPD, because the action spectrum for PPD is not defined for wavelengths shorter than 
320 nm. Further, the test is performed using human subjects with skin types II, [II and IV, 
which do not include Type I individuals who have the greatest need for sun protection. 
Again the low WA doses involved may conceal the effects of sunlight on the stability of 
the product. 

1.3 yFiJ 

The PFA (protection factor A) method is based on the minimal response dose (MRD), 
which is the smallest WA dose that produces a delayed minimal erythema or tanning 
response. A substantially higher energy dose is required to produce the erythema or 
tanning response to WA than that required to produce an erythema or tanning response 
to USES, with consequently longer exposure times. The response is evaluated 22 to 24 
hours after exposure, and is stable, reproducible and clinically significant, in that the 
action spectra for erythema and tanning [3,4] are similar to those for skin cancer [S] and 
photoaging [6]. Further, the test is performed using human subjects with skin types I, II 
and III, who are the individuals who have the greatest need for sun protection, The WA 
protection factor, PFA, is the ratio of the MRD for sunscreen-protected skin to that for 
unprotected skin.[9] 
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1.4 Advantages and Limitations of In vitro Methods 

A major disadvantage of the above in viva methods is that available UVA sources do not 
fully reproduce the WA portion of the solar spectrum.[ IO] Spectra Corn xenon arc 
lamps that are filtered to remove UVB wavelengths are still slightly contaminated with 
UVEI and are deficient in both the short WA region and the long WA region, compared 
to sunlight. This means that the results of in viva WA protection measurements cannot 
be extrapolated with confidence to human sun exposure. 

Sunscreen measurements obtained in vitro are rapid and inexpensive, and reduce the need 
for studies in human subjects. The major advantage of in vitro measurements is the 
ability to isolate regions of the UV spectrum and explore the parameters of sunscreen 
protection against any W effect that has a defined action spectrum. These explorations 
may aid in designing subsequent experiments under appropriate conditions The major 
disadvantage is the formidable challenge of simulating human exposure to sunlight with 
an acceptable degree of fidelity. 

Sunscreen protection may be evaluated in vitro by measuring the spectrum of W energy 
applied and transmitted during the course of irradiation with a sufficient W dose to 
deliver the equivalent of one minimum erythema dose through the sunscreen film. The 
resulting W transmission spectrum represents the effective transmission spectrum for 
the product under the conditions of its application amount and the spectral power of the 
source. The transmission spectrum may be validated using in vivo human SPF data 
obtained for the same product under the same application and source conditions. The 
validated transmission spectrum may then be used to measure protection in the UVA 
region for the same source and application conditions. Due to the strong dependence of 
the integrity and performance of the sunscreen itself on the spectral power of the W 
source, results of measurements with one source, e.g. a xenon arc lamp, cannot be 
extrapolated with confidence to another source, e.g. sunlight, without additional 
validation. 

2.0 TN VITRO ASSESSMENT OF SUNSCREEN PERFORMANCE 

2.1 An in vitro Model of Sunscreen SPF 
In the SPF test conducted in viva using human subjects[ 11,121, progressively increasing 
W doses are administered to skin sites, with and without sunscreen protection. For the 
sites where the erythema effective UV dose [4] reaching the skin crosses the erythema 
threshold, the skin will display an erythema response, which peaks 16 to 24 hours later. 
The sunscreen SPF is the ratio of the effective W doses for sunscreen-protected and 
unprotected skin sites which exhibit minimally perceptible erythema. 

In vitro measurements of sunscreen protection simulate the SPF test by using sunscreen 
applied to an artificially prepared substrate, instead of living skin. The SPF is determined 
by measuring the erythema effective W dose transmitted through the substrate alone and 
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the erythema effective UV dose transmitted through the substrate with the sunscreen 
present. This is shown schematically in Figure 1. below: 

Figure 1. Schematic Diagram of The in vitro SPF Test 

Sunscreen 

Substrate 

In Figure 1.) 10 is the erythema effective W n-radiance applied to the surface of the 
substrate alone and Is is the erythema effective W irradiance transmitted by the 
substrate alone. IO and Is are calculated by converting directly measured spectral 
irradiance values to erythema effective spectral irradiance and integrating over 
wavelength as shown in equations (1) and (2). 

Where: 
hl and h2 are lower and upper wavelengths of the range measured (290-400 nm for full 
spectrum UV and 320-400 nm for UVA only). 
VI is the erythema effectiveness coefficient from an erythema action spectrum [4]. 
1~” and 11s are measured spectral irradiance values. 
Ah is the wavelength interval. 

IO and IS are used to calculate the SPF of the substrate by the following equation: 
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(3) SPFs = IO/Is 

SPFs is assumed to be constant. 

EO is the erythema effective W dose applied to the surface of the sunscreen on the 
substrate; Ess is the erythema effective UV dose transmitted through the sunscreen and 
substrate and Et is the erythema effective UV dose transmitted through the sunscreen on 
the substrate. Eo, Ess and Et increase with time, and represent cumulative doses at time, t. 

Eo and Ess are calculated by converting directly measured spectral irradiance values to 
erythema effective spectral irradiance and integrating over wavelength and time as shown 
in equations (4) and (5). 

t J.2 
(4) Eo = CZV&,AhAt 

0 Al 

(5) Ess = XW&&At 
0 L 

Where 
t = time (see) 
hl and 12 are lower and upper wavelengths of the range measured (290-400 nm for full 
spectrum UV and 320-400 nm for WA only). 
VA is the erythema effectiveness coefficient from the erythema action spectrum [4]. 
1~0 and 1~s~ are measured spectral h-radiance values. 
Ah is the wavelength interval. 
At is the time interval. 

Then Et is calculated using equation (6) 

(6) Et = SPFs Ess 

and the cumulative SPF of the sunscreen, SPFt, may be calculated using equation (7). 

(7) SPFt = Eo / Et 

SPFt may or may not be constant, depending on the degree of photostability of the 
sunscreen. The SPF of the sunscreen corresponding to the SPF measured in the human in 
viva SPF test is the value of SPFt at time t MF,n, which is the time when the value of Et 
reaches the erythema threshold dose, or MED. The value of SPF at times greater than 
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tMEn is meaningless because it cannot be measured in viva, as defined in the SPF test 
protocol [ 11,121. 

For convenience, the value of 1 MED is assumed to be 0.02 effective J/cm’. The values 
of erythema effective W doses Eo, Ess and Et may be expressed in MEDs by dividing 
their values in effective J/cm2 by 0.02. Then the value of EO when Et reaches 1 .O is the 
final value of the sunscreen SPF. This is illustrated in Figure 2. 

Figure 2. Example of Et vs. EO for a Typical Sunscreen 

, 

ii/ 

t = tMED 

SPF=27 

0 10 20 30 40 
Eo: W Dose Applied (MED) 

The WA protection factor, which we denote as APF,, may be calculated as SPFt is 
calculated above, but using the wavelength range from 320 to 400 nm. This will be 
discussed tirther in Section 3.3 below. 

2.2 Technical Considerations in Sunscreen in vitro Measurements 
Over the past two decades, investigators have attempted in vitro prediction of sunscreen 
SPF using a variety of approaches and instrumentation systems, with highly inconsistent 
results. Failures of in vitro SPF prediction have been attributed to: 

1. Measurement systems that do not collect all forward-scattered radiation. [ 141 

2. Sunscreens that protect against erythema by inhibiting free radicals or by anti- 
inflammatory activity, rather than absorbing or scattering W energy.[l4] 

3. Substrates that do not provide normal sunscreen-skin interactions, e.g. skin penetration 
iM1. 
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4. Failure of the substrate to reproduce skin topography. [ 131 

5. Tnappropriate amount of sunscreen applied to substrate. [ 191 

6. Use of an inappropriate source spectrum to compute SPF. [IS] 

7. Fluctuations in UV source output. 

8. Lack of photostability of the sunscreen. 

Sayre et al successfully predicted sunscreen SPF using an in vitro test system with an 
excised mouse skin substrate and an integrating sphere attached to a spectrophotometer. 
The integrating sphere collected the forward-scattered radiation, correcting geometric 
problems encountered in other systems. [ 161 

Sunscreens that protect against erythema by inhibiting free radicals or by anti- 
inflammatory activity would be expected to produce lower SPF values in vitro than in 
vivo. [ 171 Since sunscreens that protect against erythema by mechanisms other than 
absorbing W energy may give consumers a false sense of security against W damage, 
it may be preferable to use methods for assessing W protection that are based solely on 
sunscreen absorbance of W radiation. Validated in vitro methods for predicting 
sunscreen SPF that yield values different from those obtained in vivo may yield valuable 
insights into the behavior of sunscreen formulas and their mechanisms for suppressing 
erythema. 

Substrates for in vitro measurements of sunscreen protection have included excised 
mouse skin [ 13, 171, human stratum corneum [ 191, TransporeTM tape (3M Corporation, 
Minneapolis, MN) [ 151, W transparent castings from skin replicas [20] and various 
collagen films. Ideally, the substrate should have a topography similar to that of human 
skin of the mid-back [ 191, be composed of proteins and lipids similar to those in human 
skin, absorb sunscreen active and vehicle ingredients to the same degree and at the same 
rate as human skin, be exposed to the ambient oxygen environment during W doses [21] 
and freely transmit W energy. Tn addition, the ideal substrate would not require 
sacrificing of animals. 

If the topography of a substrate is significantly different from that of human skin, it may 
be possible to adjust the sunscreen application amount to compensate for lack of the 
filling of “valleys” and coverage of “peaks” on the human skin surface to achieve 
accurate simulation of the in vivo environment. 

Diffey and Robson [ 151 developed the use of Transpore tape as a substrate for in vitro 
SPF prediction. This was an ingenious solution to a difficult problem, but Transpore tape 
has perforations, which make the use of a backing material essential, and preferentially 
absorbs solvents and oils. Consequently, Transpore tape is not suitable for use with many 
marketed sunscreen formulas[ 191. 
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If measurements of the erythema effective W dose applied to the substrate, with and 
without sunscreen, and measurements of transmitted erythema effective doses are not 
simultaneous, especially when spectral n-radiance measurements are used to compute 

erythema effective doses, temporal stability of the W source is important. It may be 
desirable to use a feedback-stabilized source. However the author has found that a 150 
watt xenon arc lamp (Model 16S, Solar Light Company, Philadelphia, PA) is sufficiently 
stable to permit these measurements if the supply voltage is constant. This is the same 
source used by several laboratories in the US for in vivo SPF determinations [22], and it 
complies with COLIPA guidelines for lamp spectra [ 111. 

Although SPFs are determined in vivo using xenon arc solar simulators, Diffey and 
Robson [ 151 used a noonday 40 degree North latitude solar spectrum to compute 
predicted SPF. More accurate in vitro predictions of labeled SPF are possible using 
spectra of the lamps employed for in vivo SPF determination. 

Many early attempts to predict the SPFs of sunscreen formulas containing Avobenzone 
yielded erroneously high values. Subsequently it was shown that many sunscreen 
formulas were not photostable [18, 22, 23,24,25,26] and had high initial SPFs which 
declined rapidly during irradiation. SPF ratings determined in the human in vivo test 
were valid, but were overestimated by in vitro tests. Pre-irradiation with measured W 
doses has permitted more accurate in vitro estimates of SPF. 

Based on these findings, the author and coworkers have developed a method for 
simultaneously predicting SPF and assessing photostability [27]. Our method utilizes the 
150 watt xenon arc lamp described above to irradiate the sunscreen applied at l-2 mg/cm” 
to a flat collagen membrane substrate (Lambskin@ condom, Carter Wallace, New York) 
placed in the opening of an integrating sphere attached to a spectroradiometer (Model OL 
754, Optronic Laboratories, Orlando, FL). The spectral n-radiance of the source and the 
spectral irradiance of the substrate alone are measured from 290 to 400 nm, at 1 nm 
intervals. Then the spectral n-radiance transmitted by the sunscreen/substrate combination 
is measured at 1 minute intervals, until the total erythema effective dose transmitted by 
the sunscreen exceeds 1 MED, where 1 MED= 0.02 erythema effective J/cm’. Each 1 
minute interval represents 2-3 MEDs. This permits computation of the time course of 
sunscreen SPF (See Figure 2, above.), and the overall SPF of the sunscreen, which 
corresponds to the SPF measured in the human in vivo SPF test, whether or not the 
sunscreen SPF is constant. It follows that if the SPF is constant during irradiation the 
sunscreen is photostable and if the SPF decreases during irradiation the sunscreen is not 
photostable. 

Cole and Van Fossen [13] used excised mouse skin as a substrate, applied sunscreens at 
2ul/cm2 and irradiated the preparation with a 150 W xenon arc lamp. Transmitted 
effective W power was measured using a broadband detector that had a response curve 
approximating the erythema response curve for human skin and also using a detector that 
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had a flat response in the WA range (Ultraviolet Meter, Model 3D, Solar Light 
Company, Philadelphia, PA). Although excised mouse skin is not an ideal substrate, use 
of this approach could permit direct measurement of the total erythema effective W dose 
applied and the total erythema effective UV dose transmitted by the substrate and the 
sunscreen/ substrate combination. From those parameters, the sunscreen SPF may be 

calculated as described above. A WA protection factor could also be computed using 
measurements of transmitted WA dose. 

3.0 RECOMMENDATIONS 
3.1 Apparatus 
Essential components of a system for in vitro measurements of sunscreen performance 
include the W source, the substrate and a spectroradiometer equipped with an 
integrating sphere. Alternatively, the spectroradiometer could be replaced by an 
integrating radiometer with full spectrum and WA detectors, which have a response 
curve approximating that of the human erythema response over the range from 290 to 40( 
nm and the range from 320 to 400 nm, respectively. 

The W source must be stable over time and comply with Colipa Sun Protection Factor 
Test Method requirements [ 1 I]. 

The substrate must fulfill the following requirements: 
1. Topography similar to human skin of the mid-back 
2. Penetration characteristics and surface chemistry similar to skin. 
3. UV transparent 

The sunscreen will be applied at l-2 mg/cm’, with a goal of duplicating the SPF value 
measured in the human in vivo test. Although the SPF should be within the same product 
category designation (SPF 2 to under 12, 12 to under 30 and 30 and above) [12], it is not 
essential to match the human SPF value exactly, since proposed photostability and UVA 
protection labeling may be based on spectral ratios rather than absolute values. 

The spectroradiometer must be equipped with an integrating sphere or other appropriate 
input optics to ensure collection of essentially all forward scattered UV radiation. The 
scan speed must permit scans of the complete solar W spectrum (290 to 400 nm) at 1 or 
2 nm intervals within the time required for the UV source to deliver 2-3 MEDs. 

3.2 Photostability 

The values of Et and Eo will be measured or computed from spectral irradiance values at 
intervals no longer than the time required for the W source to deliver 2-3 MEDs to the 
sunscreen/substrate, using equations (1) through (6). Et vs. EO will be plotted in units of 
MED, and a power curve fit of the form shown in equation (8) will be computed. 

(8) E, = clE$ 
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The value of 2 for the curve fit should be at least 0.9. See Figure 3. 

Figure 3. Example of Et vs. Eo for a Typical Sunscreen With Power Curve Fit Equation 

y = O.OO98x'.4184 
R2 = 0.9976 

t = tMED 

SPF=27 

EO: UV Dose Applied (MED) 

3.3 UVA Protection 
The WA protection factor, APFt, may be calculated using equations (5), (6) and (7) and 
calculating Ess and Et for a wavelength range of 320 to 400 nm at t = tm,n. APFt 
represents the UVA component of SPF,, and is not analogous to a WA protection factor 
measured in a human in vivo test, because it is measured at t = &En (full spectrum), 
rather than the time corresponding to 1 MED of transmitted UVA. 

4.0 PROPOSED PRODUCT LABELING BASED ON IN KWW-I 
PHOTOSTABILITY, SPF AND APF 

Since a value of 1 for p in equation (8) represents a linear relationship between Et and Eo, 
and a constant sunscreen SPF, a sunscreen may be considered photost.able if the value of 
0 is near 1. Therefore an arbitrary limit of 1.1 has been set for p. Thus, if p < 1.1, a 
sunscreen may be labeled as photostable. In the example shown in Figure 3., p = 1.42, 
and the sunscreen is not considered photostable. 
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There is general agreement that the contribution of UVA to acute effects of sunlight is 
about 20% [28,29]. Therefore, if the ratio of APFt to SPFt (when Et = 1 MED) is at 
least 20 percent, the sunscreen may be labeled ‘Broad Spectrum” or “protects against 
WA”. 

Although the above computations require a large number of mathematical operations, 
they may be accomplished easily, using a computerized spreadsheet, such as Excel@ 
(Microsoft, Renton, WA) See sample calculations in Appendix 1. 

5.0 CONCLUSIONS 

Sunscreen SPF is a useful benchmark of sunscreen protection under the most potentially 
damaging conditions of sun exposure. However the actual SPF in sunlight depends on 
the solar spectrum, which changes with sun angle during the day. A product with a high 
degree of WA protection would provide a more constant SPF at different sun angles. 

The integrity of a sunscreen product depends on its degree of photostability and the 
spectral energy of the W source. A photostable product would maintain its degree of 
protection over a wider range of UV spectra, including xenon arc Iamps and solar spectra. 

Thus a photostable sunscreen product with high UVA protection would maintain the 
degree of photoprotection measured in viva, using a xenon arc lamp to a greater extent 
than a product with low WA protection that is not photostable. 

The above in vitro method and proposed labeling requirements provide a reliable and 
informative approach to assessing and describing sunscreen protection. Although the 
value of p and the ratio of APFt to SPFt cannot be directly extrapolated to human sun 
exposure, they can provide, like SPF, a useful benchmark of sunscreen performance. 
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298 Q47E-@3 4.11E-w ,.WE-w t.28E-o8 t.5oE-o8 
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343 2.43E-03 1.5OE-03 5.818-05 7.97E-05 1.13E-04 
344 2.45b03 1.53E-03 6.17E-05 9.71E-05 1.18E.04 
345 2.43C03 1.56E-03 7.08805 9.9SE-05 1 .*aE-04 
346 2.44E-03 1.58E.03 7.3tE-05 1.04E-04 1 SE-04 
347 2.44b03 1.8oE-03 7.56E05 l.O*E-04 1.4OE-04 
348 2.43E-03 t.6tE-03 7.BoE-05 l.l2E-04 1.46E-04 
348 2.44E-03 1.63E-03 *.85E-0fi t.l*E-04 1.52E-04 
350 2.44E-03 1.84E-03 Q.OOE-05 ,.2OE-04 1.58EO4 
351 2.448-03 l.WE-03 9,23E-O5 1,24E-04 1.64E.04 
352 244B03 1.67E-03 9.50E.05 l.ZQE-04 1.71E-04 
353 2.43B03 1 BBE-03 9.72805 t.34b04 t 77E-04 
354 2.431-03 t.6QE-03 @AWE-O* ,.39E-64 t .858-o, 
355 2,44E-03 1.71E-03 ,.03E-04 ,.44B04 1.93E94 
SZ.8 2 44Em 1.73E-03 1 .WGQ., t.50E-04 2.OlE-04 
357 2.46E-03 176E-03 l.lOE-04 ,.58E-04 2.12E-04 
358 2.48B03 ,.79E-03 l.t4E-04 1.63EO4 2.23E-04 
359 2.5,E-03 t.*2E-03 I.,*&04 1 ,,E-04 2.35B04 

5.4EE-05 
*.t2E-05 
6.82E-05 
7.53E-05 
t .Ot E-04 
1.07s04 
1.13E04 
l.t9E-04 
1.25504 
1.34E-04 
1.42504 
t S,E-04 

2.5OE-M 1.45E-06 3.25E-98 
2.46E-oB 1.43EOg 3,46W* 
2.43EJM t.4Z.E~(w 3.67808 
2.39E-66 1.4OE.MI 3.891-08 
235E-08 1.3QEOB 4.lZE08 
2.31 E-O-3 1.37E-oB 4.35808 
2.26E-C6 t.36E-W 4.56E-08 
2.22E-W 1.35E-O6 4.766-08 
2.17E-06 ?.33&06 4.91~08 
2.12EOg ,.3lE-03 S.OBE-08 
2.07E-03 1,2QE-06 5.,9E-08 
l.Q7E-W 1.27E-03 5 75~08 
t.91- ,.24E-W 5.74E-08 
1.85E-DB ?.22E-06 5.74E.M 
t.78E-08 t.t*E-03 572808 
1.73~08 ,.t5E-06 6.2&DB 
1.67E-OFi ,.12E-06 6.15E-08 
1.6tE-08 loBE- 6.19bC@ 
t.WE-06 ,.07E-08 6.06Ea8 
1 SOE-03 t .WE-O6 5.9SE-08 
1.45E-M 1.01~MI 5.95E-08 
1.4~~08 9.85E-07 5.93E-08 
1.3BE-08 Q.BtE-O7 5.6QE.08 
1.32EAY3 Q.44E-07 5.9t E-O* 
l.XE-06 0.27E97 5.QlE-08 
1 ZBE-08 9.13Ea7 5.93E-08 

1 .Q6E-07 2.14s07 
5.53E-ca 
5.87t08 
&17E-08 
6.4e.E-08 
6.72E.08 
6.94E-08 
*.17E-08 
*.,lE-08 
*.15E-oa 
8.21 E-W 
8.1 @E-O8 
8.1QE-08 

t .6aE-07 2.01 E-37 2,ME-07 
1.75E-0, 2.071-07 2.26E-07 
l.*lE-07 2.13807 2.338-07 

2.tDb07 t.8BE-07 
,.9,E-0, 
1.Q7E-07 
2.02E-07 
2.251-07 

2.39E-07 
2.25E-07 2,46E-07 
2.32E.07 X38-07 
2.3QE-07 ZBOE-07 
2.65E-07 
2.67E-07 
2.71 E-07 
2 75E-37 
2.80b07 
2 *BE-O7 
2.QOE-07 
2 96E-07 

2 8BE-o7 
t ,34804 
1.72E-04 
,.79E-04 

l.O5E-07 t 29807 t .51 E-O7 2.27B07 
t.o6E-07 t .3X-07 ,.52E-07 2 31 E-07 
t.O7E-07 t .3,E-O7 ,.54E-07 2.34E-0, 
t .08E-0, , 32E-07 ,.56E-07 2.3*E-0, 
t .O*E-W 1.34E.07 1 .SE-07 2.42E-07 
1 .O&O7 t .35807 1.5QE.07 2 46E-07 
t.WFO7 1.3BE07 t 61E-07 2.51E-07 

XOOE-07 
2.94E-07 
2 @*E-O7 
3 ORE-07 1 .*TE-O4 

1.96E-04 
2.04E-04 
2.13s04 
2.22E-04 
2.3tE-04 
2.43804 
2.54E-04 
2.88E.04 
2.83E.04 
2 @*E-O4 

3.08E-07 
3,,4E-07 
3 1 aE-07 

8 24E-08 
8.26E.98 
B.JIE-08 
8.33E-03 
8.4OE-08 
8.47E-08 
*.wE-08 

l.O3E-07 1.37E-07 t .83E-07 2.55E-07 
t tOE-07 1.3X-07 1.64E-O7 2.5Qb07 
1 .ttE-07 t .4OE-07 1.67E-07 2*5E-0, 
l.l2E-07 I.41147 t7OE-07 2.71E-W 
t.t4E-07 1.44E.07 1.73807 2.7QE-07 
1 16507 t .47807 t .77EQ7 28,P07 
l.t*E-07 ,.49E-07 1.81E-07 2.Q6E-07 

3 0, E-07 3 25%07 
3.32E-07 
3,4OE-07 
3 48E-07 

3 07E-07 
3.t5b07 
3.22E-07 
3 32E-07 3.598-07 
3.42607 3.70E-07 
3,53E-0, 3 82807 



360 2 53803 ,.&E-U3 1 2X-04 MOE-04 245E-04 
361 2 *5E-03 1,88E-U3 1 27E-04 1.88E.04 2571-04 
362 2.57E-03 ,.S,EM 132B04 l97E-04 2,69E-04 
363 2.57E-03 1.93E-03 1 38E04 2 ME-04 283804 

3 14E-04 
3.3OE-04 
3.47504 
3.64E-04 
3.82E.04 
4.0x-04 
4.24E-M 
4.47b04 
4.7OE-04 
4.soE-04 
5.08E-04 
5.17804 
5.23E-04 

3.*1&04 B 26E.04 7 ME-M 
4.02804 6 ME-04 7.96&04 
4.22&04 7 OlE-04 9.20~~04 
4 43E-04 7 4OE-04 9.4QE-04 
4.9BE-04 7 79b04 9.85E-04 
491b04 8 20E-04 1 OX-03 
5.18&04 *.62E44 1.07E-03 
545E-04 9,04E-04 l.,,E-03 
572EO4 9,4*E-O4 1.15E-03 
5.98804 9.83E-04 1 19803 
6 PIE-O+ 1.01~~03 ,.21E-03 
6 26E-04 1.02E-03 1.22&03 
63OE-04 1.02E43 1 21 E-03 
6 ZTE-04 ,.OlE-03 l.lsE-03 
6.2OE-04 9.87E-04 ,.17E-03 
6.OBE-04 9.62E.04 1.13E-03 
5.98E-04 9.36E-04 ,.?OE-03 
5.8504 S.lM-04 ,.O?E-a3 
5.741-04 *.87E-04 1.04E-03 
5.62E.04 8.62E-04 1 .OOE-03 
5.47E-04 B.32E-04 9.67E-04 
6.33E-04 8.01E-04 9.27~~04 
%l*E-04 7.68E-04 *.*?b04 
5.0X-04 7.35E.04 *.44&04 
4 8x-04 ?.O,E-04 7.98&04 
4.68E-04 6,64E-04 ?.52E-04 
4.47E-04 6.2X-04 7.00E-04 
4.25E-04 5,79E-04 WEE-04 
3.WE-04 5.3,b04 5.48B04 
3.71B04 4.81 E-04 3.79E-04 
3.38504 4.3%04 3.45E-04 
3.04E-04 3.78E-04 3.05E-04 
2.69E-04 3.27E-04 2.ME-04 
2.33E-04 2.?BE-04 2.25E-04 
,.9BE-04 2.34%04 1 .%X304 
1.67E-64 ,.93E-04 ,.57E-04 
1.37E-04 ,.57b04 1.281-04 
1.11E-04 ,.26E-04 l.O4E-04 
8.*4E-05 9.92E.05 8,3*E-05 
8.91 E-05 ?.**E-06 6.6~~05 
1 *3E-05 5.88b05 1 .BoE-05 

9 13E-04 
9.40E.04 
9.75804 
,.OlE-03 
l.OBE-03 
l.lOE.03 
,.15E-03 
,.,QE-03 

4 84b04 
4 BBE-04 

1 23E-PB 8 97&O? 5 94E-08 
l.lSE-08 8.81C07 5.96E-08 
1 ,*E-Og B.62E-07 5.98E-08 
1 ,2E-OB 8.43E-37 ‘3 03&U 
1 OBE-03 *.23E-07 B.liE~38 

a 7OE-08 
8.40EdJa 
8.90E08 
S.STE-04 
s.OaE-08 
9,19E-08 
9.3BEJJ8 
9.56808 
9.76E-08 
9.90&08 
9.97E-oa 
S.gOE-08 
9.72&04 
9.4OE-08 
8.OBE-08 
8.TOE-04 
8.35E-O* 
8.01Eo8 
7.881-08 
7.WE-08 
&SEE-a8 
6.6E-04 
6.36E-oB 
6.07E-08 
5.*2E-04 
S.STE-QB 
5.32E-oa 
5.Oe&O* 
4.78E5a 
4.42~.52 
4.04E-08 
3.64E.08 

1 19EO7 1 52b07 1 85607 3 03E-07 
13OE-07 1 556-07 1 .**E-07 3 ,OE-07 
,.22E-07 1 57E-07 1.91E-07 3.,?E-07 
1.24C07 1 59E.07 193E-07 3 23G07 
,.25E-07 1 *,E-07 1.971-07 3.2*E-07 
1.27807 1 44f-07 2 OOE-07 3.34B07 

3 *3E-07 
3.72E-07 
4.16E-07 
4 14E-07 
4 15E-07 
4.18E07 

4.42E-07 
4.39807 
4 4,E-07 
4.43E-07 
4.45B07 
4.4E-07 
4.51E-07 
4.54807 
4.55507 
4521.07 
4.46E-07 
4.34E-07 
4.18E-07 
3.95E-07 

4 52E-04 
4.37E-04 
4.22E-04 
4.07E-04 
3.94E.04 
3 *0!%4 
3B?E-04 
3.658-04 
3 43E-04 
3.3, E-04 
3.208-04 
3.09~CM 
2.89E-04 
2&E-04 
2.78E-04 
2mE-04 
2.60E-04 
2.6lE-04 
2.43E-04 
2.34E-04 
2.26E-04 
2.,SE-04 
2,,E-04 
2.ME-04 
1.97W4 
1 91 E-04 
1.84E-34 

364 2.58E-03 195E-03 145E-04 2.15E-04 Z.B?E-04 
365 2.61E-03 1,98E-03 152B04 2.26E-04 3,,3E-04 
986 ‘2,62E-Cr.3 2.OOE.iX ,.mE-04 2.38E-04 3.29~~04 
367 2.64E.03 2.03b03 1,69E-04 2.51 E-04 3.46%04 
368 2.64803 2.05803 ,.?SE-04 2.66804 3.65G04 

1 03EoB 7.88E-07 6,31E-m 
1.00&04 7.7,E-07 *.44E-08 
S,?OE-07 7.52b07 &WE-08 
9 33E-07 7.27807 6.6*E-08 
*.92E-07 *.9&E-07 *.75E-08 
8.+OE-0, 6.61E-07 6.75608 
7.825-07 6.19E-07 6.67E-08 
7.20E.07 5.73Ed7 6.51E-08 
6.5BE-07 5.2&E-07 6 3OE-08 
6.03807 4.85807 6.07E-08 
6.52E-07 4.45E-07 5.B3E-08 
5.04E-07 4.08E-07 5.62E-m 
4.62E-07 5.77E-07 5.43808 
4.23MJ7 3.uKo7 5.22E-08 
3.85E.W 3.17E-07 5.01E-08 
3S,E-07 2.8SE-07 4.82E-08 
3.,*&O? 2.63E-07 4.63fi-08 
2.87C07 2.38E.07 4 47B04 
2.57E-07 2.14E47 4.33E-08 

1.29E-07 1 67E-07 2.04E-07 3.3SE-07 4.2OE-07 
1.32E-07 ,.?aE-07 ZO?E-07 3.44E-07 4.22E-07 
l.YE-07 1 73E-07 2.10s07 3.48807 4.23E-07 ,.24E-03 

1.28E-03 
1.30~~03 
1.31E-03 
1 JOE-03 
1 28803 
1.25E-03 
1.21 E-03 
i.??E-03 
1.13E-03 
l.lOE-03 
1 .OBE-03 
1 .OZE-03 
9.8OEQ4 
9,34E-04 
*,*SE-04 
8.40194 
7 WE-04 
7 34E-04 
6.74E-04 
6.l OE-04 
3.72804 
3&E-04 
3.06E-04 
2.65E-04 
2.26b04 
1 .asE-oA 
I S?E-04 
1 29E-04 
, .ME-04 
&33E-05 
*.59E-05 
1 63E-05 

368 2.63E-03 2.05E-03 1.BBE-04 2.79E-04 
370 2.6OEM 2.04E-03 1.WE.04 2.91E-04 
371 2.54E-03 2.oOE-03 204E-04 2.W~04 
372 2.45b03 ,.94E-03 2.09E-04 3.04E-04 
379 2.33b03 1.86803 2.,,E-04 3.04E.04 
374 2.21 E-03 1 .??B03 2.1, E-04 3.03E-04 
375 2.G+E-03 1.68E-03 2.,OE-04 3.02504 
376 1.Q8E-03 l.BOE-03 2.CkBE-04 3.OOE-M 
377 l.87E-03 1.52E-03 2.09E-04 2.WE-04 
378 1.7*&K, I.45503 2.OSE.04 2.95E-04 
370 i.BBE-03 1,38E-03 2.08E-M 2.92E.W 
380 l.*SE-03 ,31E-03 2,0%-O, Z.&SE-04 
341 ,.6OE-03 1.23.E~03 2.05E-04 2.84E-04 
362 1.4OE-03 l.lBE-03 2.06E-04 2.81 E-04 
3883 1.31Eo3 1.&9E-03 2.UE-04 2.78b04 
384 1.22E43 1.01E.03 2.05E.04 2.75E-O-4 

3.82E-04 
3.97E-04 
4.06E-94 
4.12E-04 
4.,2E-04 
4.lOE-04 
4.05E-04 
3.QQE-04 
3.BJEo4 
3.88-4 
3.83b04 
3.76Es04 
3.?OE-04 
3 53E-04 
3.65E-04 

1.361-07 1 74E-07 2 11 E-07 3 49E-07 
,.36E-07 1.74E07 2.11 E-07 3.4*E-07 
1.35E-07 1 71 E-07 2.O?E-07 3.3&E-07 
l.32C07 , 67E-07 2.02E-07 3.26E-07 
127E-07 1 WE-07 1 94E-07 3.,,E-07 

4.21E-07 
4.15E-W 
404E-07 
3.89807 
3.6@E-07 
3.49E-07 
3.27E-07 
3.07B07 
2 WE-07 
2.701-07 
2.52E-07 
2 35E-07 

3.72E-07 
3.49E-07 
3.26E-07 
3.05E-07 
2.**E-07 
2.67E.07 
2.48E-07 

2.17E-07 2.30B07 
Z.O,E-07 Z.l2E-07 
1.45E-07 l.SJE-07 

5.22804 
5.17E-04 
5.oaE-04 

1.22E-07 ,.54E-07 1 .**E-07 2.95E-07 
1.17E-07 ,.47E-0, 1.76E-07 2.77E-07 
,.,I&07 ,.39E-07 ,.**E-07 Z.BlE-07 4.99E-04 

4.90604 
4.43E-04 
4.74b04 
4.64E-04 
4.53E-04 
4.43E-04 
4.31E-04 
4.ME-04 
4.07E-04 
3.82E-04 
3.76E-04 

1 .OBE-07 I .32E-O7 1.57E-07 2 45E-07 
tO,E-07 1.266-07 1.4SE-07 2.31E07 
9.62~~08 ,.19E-07 1.41 E-07 2.1BE-07 
9.13E-D8 ,.lJE-07 1.33E-07 2.02E-07 
*.67E-08 1.06E47 1.25E-07 1.88807 
*.2lE-08 i.WE-07 1.17E-97 i 74807 
7.??E-08 9,44E-08 ,.,OE-07 I *lE-07 
7.35808 *.88E-08 1.0X-07 1.4*E-07 
4.88&08 8.32E-08 9.55~~08 ,.36E-07 
6.58E-08 ?.73bO* 8.8lE-o.3 1.23E-07 
6.14E-08 7.,,E-08 *.,OE-08 ,.10E-07 
5.6QE-O* 6.57E-O* 7.35E-08 9.??E-08 

II 
3 48E-04 1.69E-07 

,.54E-07 
1 3*E-07 
,.23E-07 
1.08E-07 
6.74E-08 
5.B3E-D* 
5.08E-OB 
4.23E-08 
3.4*E-08 
2.83b08 
2.27E-08 
1 BOE-08 
1 41E-08 
1 .rnE-08 
8.35E-09 
1 95E-Us 

1.78b07 
1 .@I E-07 
1.45E-07 
1.28s07 
1.12E-07 
6.61 E-08 
5.95E-08 
5.caE-08 
4.24b08 

345 1.12E-03 9.39E-04 2.06504 2.73E-04 341E-04 
386 l.ME-03 *.BlE-04 2.O?E-04 27OE-04 3.32E-04 
387 9.2SE-04 7.*5E-04 2.O*E-04 2.66E-04 3.22E-04 
380 *.31E-04 7.04b04 207E-04 2.58E-04 309E-04 
380 7.35B04 6.27E-04 2.04E-04 2.49E-04 2.93b04 
390 6.4OE-04 4.27E-04 1.97E-M 2.35E94 2.74E-04 
391 3Slb04 3.08E-04 1.88E.04 2.19E-04 2.5,E-04 

2.29M7 1.92E-07 4.21E-08 
2.02607 1.7&07 4.oaE-04 
1.77E-07 1 .X%07 3.97E-08 
,.53E-07 1 3nE-07 3.82c08 
1.31E.07 i.ilE-07 3.63808 
,.lOE-07 7.34&W 33SE-08 
5.83E-04 5.12808 3.1 l&O* 
4.53~~08 4.29E-08 Z.&WE03 
3.76E-08 3.53E.08 2.47808 
3.055-08 2.86s08 2.lJE-08 
2.43EQB 2.27E-DB l.BOE-08 
1.BOE-W 1.79E-08 1.48E-08 
,.48E-08 ,.4OE-08 1 lSE-08 
1 13E-08 i.WE-08 9.37EGS 
B 55E-09 *.21E-09 7ZE-09 
2.33E-09 2.31E-09 2.04809 

Lamp substrate 

3.57E-M 
3.35E-04 
3.098-04 
2.8CE-04 
2.49E-04 
2.17EM 
1.*7E-04 
1.57E-04 
,.3OE-04 
1 .OBE-04 
aME-05 
B.64E-05 
2.53E-05 

1.788(34 
172E-04 
1 .BBE-04 
1 .mE-04 
,.55E-04 
,.50E-04 
1.461-04 
1.4OE-04 
1 35E-04 
1 .ME-04 
l .ZBE-04 
1.22E-04 

5.211~04 5.95&3 *.59E-08 8.56E-08 
4.70804 5.3OE-D8 5*1E-08 7.38E-08 
4.17E-08 4.65E-06 5.05E-08 6.27E-08 
3.62EdB 3.98E-08 4.31 E-O* 5.24808 
3 WE-OS 3.37b08 3.6, E-08 4.31 E-08 
2.5&E-08 2.79E-o* 2.97E-08 MOE-08 
2 12E-08 2.26E-08 2.41E-08 2.79?-08 
,.?,E-oB 1.82E.W ,.92E-08 2.1QE-68 
1.35E-08 1.43E-08 l.ME-O* ,.7OE-08 
1 05E-08 l.,OE-08 ,.,5E-O* ,.29E-08 
7.96GOS *.3BE-09 8.70~08 9,67E-09 
1 *9E-09 3.WE-W 2.23E-LH) 7.15E-00 

sl!mnscrdSut%tlate 

302 2.WZ-04 2.68E-04 1.75b04 2.01E-04 2.2*E-04 
393 2.43E-04 2.28804 1.59804 1.8OE-04 l.SSE94 
381 2.04E-04 ,.S,E-04 ,.42E-04 1.58E-04 1.73~04 
So5 1.68E-04 ,.57E-04 1.241-04 1.36E-04 ,.47E-04 
3BB 1.36E.04 1.28E-04 l.OBE-04 l.l4E-04 1 23E-04 
397 l.lOE-04 1 O.,E-04 B.*,E-05 9.4OE-06 ,.OOE-04 
308 *.69E-05 *.28E-05 7.191-05 7.59&05 *.03E-05 
399 *.8OE-05 *.52E-05 5,74E-05 6.01E-05 6.32E-05 
400 l.92b05 l.BOE-05 ,.67E-05 1.65E-05 ,.56E-06 

3.22E-08 
2.79E-08 
2.36Ea 
1 .s6E.o4 
15SE-08 
1.27&08 
9.89E99 
7.57Ea 
2.cOE-69 

3.49808 
2.@3E-08 
2.27b08 
1 .rnE-04 
1.41E-O.8 
1 WE.08 
*.JOE-09 
WSE-09 



41 
Photostability of Sunscreen A 

Wcvdwt@St Ran@. (nw 

. A=290-400 

m 2=320-400 

y q o.oo4x'~4231 

RZ = 0.9985 

0 80 

UVAIUVB 

UVA 

h=2ao40 
AX=1 "IxI~#EOSO.OZ J/m? 

k,=PV&,Ad.l(MED/src) 5 38~-112 

l,=EV,I~~A (MEOhrc) 2.15&02 

l,,=EV&& (MEO/uc) 3.35E94 4.43.b04 5.85E-04 8.87E-04 B.iBE-04 I.32503 WE-03 ,.8oE-03 

t (SW 0 eo 120 180 240 540 840 ,140 

AWO SW 

i&=E&At (MED) O.WE+m 3.24E+OO 8,47E+OO 8.71Ec00 1.2SEcOl Z.UE+Ol 4,53E+Ol 8,15E+Ol 

EosJWt WEDI O.OOE+OO 2.33802 S.JBE-02 8.,,E-02 1,36E-01 4.WEs0, 9.04E-01 ,.4,E+OO 

2.51 

O.OOE*OO 5.88b02 1.35E-01 2.2SE-01 3.42E-01 I=] 2.27E+OO 3.BlEcW 

55.20 48.08 42.40 37 83 25.44 1898 1701 

I,~XV,l~~&hl &~ED/soc) 1.84E-04 2.54804 3.35804 4.,SE-04 4.82E-04 7.73E-04 9.25E-04 ,.Q,E-03 

t (SCC) 0 80 120 150 240 / 840 1140 

Ate0 SK lLMlJ 
4=&Q ww O.COE+OO 4.23E-01 8.458-01 ,.27E+W l.WE+OO MOE+00 592E*oo &03E+00 

6c-%&(MW O.OOE+OO 1.31E-Z 3.08E-02 5.33E-02 8.05E-02 2.7OE-01 5.25E-01 8.15E-01 

APFs=l& 1.77 

&*PhE.s (MEW O.OOE+OO 2.32802 544b02 8.41E.02 1.42E-01 4.77E-01 B.27501 ,.44E+00 

APF,=&& 1822 1554 13.47 11 8s 7.w 8.38 558 

APFJSPF’, 0.31 

u 11.41841 



6 Special Handling 

--.-- .-.- _-~~ 


